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(54) Stator structure of electric motor and connection board for stator winding 



(57) A connection board (1) is composed of five 
stacked connection board elements; tfnree for three 
phases, and two for Y-connection and A-connection. 
Each connection board element is provided with a con- 
ductor, and connecting portions which are connected to 
terminals for connecting the conductor to an external 
power source. Terminals (3) of shunt windings (2) of 
each phase, are selectively connected to the conductor. 
Holes are drilled in the connection board (1 ) by selecting 



the wiring pattern of windings, and whether the shunt 
windings (2) of each phase are connected in series or 
in parallel, or whether they are connected in Y-connect- 
ed or in A-connection, to obtain a desired wiring pattern 
of stator windings. The connection board (1 ) is then fixed 
to the stator windings (2). Various wiring pattems can 
be obtained simply by selecting locations for drilling 
holes, thereby facilitating the inventory control of con- 
nection boards. 



FIG. 1 
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Description 

[0001] The present invention relates to a connection 
board used for connecting stator windings of an electric 
motor, and to a stator structure in which the wiring of 5 
stator windings is executed using such a connection 
board. 

[0002] Even same-size electric motors can be varied 
in their characteristics by (a) varying spedfication of 
windings, such as wire diameter, the number of tums, io 
and the number of wires wound collectively in parallel 
(the number of parallel wires) of stator windings; or by 
(b) varying wiring pattern of wirings by changing a con- 
nection pattern of each wiring without varying the spec- 
ification of windings. In the method (b), the wiring pattern 
can be varied specifically by (b1 ) connecting shunt wind- 
ings that compose windings of each phase in series or 
in parallel (by changing a combination of connection of 
shunt windings); or by (b2) connecting windings in Y- 
connection or A-connection (by changing the wiring pat- 20 
tern of windings). 

[0003] When the characteristics of electric motors of 
the same size are varied by changing the specifications 
of windings, arrangements of a winding process must 
be changed because the wire diameter of stator wind- 25 
Ings, the number of turns, and the number of parallel 
wires are changed. This method is also disadvanta- 
geous in that various types of windings must be pre- 
pared. 

[0004] On the other hand, in order to vary the charac- 3o 
teristics of electric motors by changing the wiring pattern 
of windings, the wiring pattern is changed by changing 
a connection board on which the windings are connect- 
ed. Therefore, various connection boards on which the 
windings are connected to obtain each wiring pattern 35 
must be prepared. In this case, connection boards must 
be provided also for electric motors produced in small 
quantities, thereby increasing the production costs of 
connection boards. Furthermore, in order to obtain var- 
ious wiring pattems of windings, connection boards 
must be provided for each wiring pattern, whereby an 
inventory control of connection boards becomes com- 
plicated. 

[0005] According to a first aspect of the present inven- 
tion there is provided a stator structure of an electric mo- 45 
torthat uses a connection board for wiring of stator wind- 
ings, comprising: a connection board having a connec- 
tion pattern that can acquire various wiring patterns by 
connecting terminals of windings constituting said stator 
windings to each other, wherein a part of the connection so 
pattem on said connection board is disconnected or 
added so as to form a wiring pattem of said stator wind- 
ings and to connect the windings to each other 
[0006] According to a second aspect of the present 
invention there is provided a connection board creating ss 
stator wiring patterns together with stator windings of 
each phase of an electric motor, wherein said connec- 
tion board is constituted by a stacked plurality of con- 
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nection board elements, each of said connection board 
elements is provided with a conductor that provides var- 
ious stator winding pattems when combined with stator 
windings, and a desired stator winding pattem has been 
formed in said connection board elements by making 
holes at selected locations of said connection board, to 
disconnect a corresponding location of a conductor of 
each of said connection board elements. 
[0007] Embodiments of the present Invention can pro- 
vide a connection board having connection patterns that 
can provide various wiring patterns by connecting ter- 
minals of the windings constituting the stator windings. 
The wiring pattems of stator windings may be formed 
by selectively disconnecting or adding a part of the con- 
nection pattern (basic pattem) on a connection board. 
[0008] The connection board may be formed by stack- 
ing a plurality of connection board elements. By making 
holes, a conductor of a connection pattem provided on 
each connection board element may be cut, thereby ob- 
taining the wiring pattern of stator wirings. Furthennore, 
after the wiring pattem is thus obtained, a short- 
circuiting material may be inserted in some of a plurality 
of holes provided in the connection board elements for 
short-circuiting these holes. 

[0009], A preferred embodiment of the present inven- 
tion may provide a connection board for stator windings 
that can change the characteristics of an electric motor 
by varying specifications of stator windings and the wir- 
ing pattern of stator windings. A further preferred em- 
bodiment may provide a stator structure for wiring stator 
windings using such a connection board. 
[001 0] The foregoing and other features of embodi- 
ments of the present invention will become apparent 
from the following description of preferred embodiments 
of the invention with reference to the accompanying 
drawings, in which: 

Fig. 1 is a schematic diagram showing a stator 
structure of an 8-pole 3-phase electric motor ac- 
cording to an embodiment of the present invention 
to which a connection board for stator windings Is 
connected; 

Fig. 2 is a diagram showing a basic pattern of the 
stator windings for one phase when the stator wind- 
ings are connected to the connection board 1 of Fig. 
1; 

Figs. 3A-3C are diagrams each showing a wiring 
pattern for one phase fornied from the basic pattern 
of the stator windings; 

Fig. 4 is a diagram showing Y-connected wiring pat- 
terns of FIG 3A; 

Fig. 5 Is a diagram showing A-connected wiring pat-- 
terns of FIG 3A; 

FIGS 6A-6C are diagrams each showing the basic 
pattem of a connection board element for U, V, and 
W phases composing the connection board of Fig. 
1; 

Figs. 7A and 7B are diagrams each showing a bask: 
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pattern of a connection board element for Y-connec- 
tion and A-connection; 

Fig. 8 is a diagram illustrating the locations of holes 
drilled for obtaining various wiring patterns of stator 
windings; ^ 
Figs. 9A-9C are diagrams each showing a connec- 
tion pattern of a connection board element for U, V, 
and W phases, when the shunt windings of each 
phase are connected in series; 
Figs. 10A and 10B are diagrams each showing a 
connection pattern of a connection board element 
for Y-connectlon and A-connection, when the shunt 
windings of each phase are connected in series to 
form Y-connection; 

Figs. 10C and 10D are diagrams each showing a '5 
connection pattern of a connection board element 
for Y-connectlon and A-connection, when the shunt 
windings of each phase are connected in series to 
form A-connection; 

Figs. 11A-11C are diagrams each showing a con- 20 
nection pattern of a connection board element for 
U, V, and W phases, when forming a dual parallel 
winding pattem; 

Figs. 12A and 12B are diagrams each showing a 
connection pattern of a connection board element 25 
for Y-connection and A-connection, when forming a 
Y-connection with a dual parallel winding pattem; 
Figs. 12c and 12D are diagrams each showing a 
connection pattern of a connection board element 
for Y-connection and A-connection, when fonming a 30 
A-connection with a dual parallel winding pattem; 
Figs. 13A-13C are diagrams each showing a con- 
nection pattern of a connection board element for 
U, V, and W phases, when forming a quadruple par- 
allel winding pattern; 35 
Figs. 14A and 14B are diagrams each showing a 
connection pattem of a connection board element 
for Y-connection and A-connection, when forming a 
Y-connection with a quadruple parallel winding pat- 
tern; 

Figs. 14C and 14D are diagrams each showing a 
connection pattern of a connection board element 
for Y-connection and A-connection, when forming a 
A-connection with a quadruple parallel winding pat- 
tem; and ^5 
Fig. 15 is a table showing the numbers of holes to 
be bored in the connection board for obtaining var- 
ious wiring pattems 

DETAILED DESCRIPTION OF THE PREFERRED 50 
EMBODIMENTS 

[0011] Fig. 1 shows a stator structure of an 8-pole 
3-phase (U, V» W) electric motor to which a connection 
board 1 is connected. 

[001 2] The stator windings of each phase of the elec- 
tric motor are composed of four shunt windings 2. At 
both ends of each shunt winding 2, terminals 3 for con- 
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necting with the connection board are provided. There- 
fore, the total number of temiinals Is 3 (phases) x 4 
(number of shunt windings 2 for each phase) x 2 (one 
end and the other end) = 24. The numeral 4 represents 
cross-arm braces for windings. 

[001 3] Fig. 2 shows a basic pattem of the stator wind- 
ings for one phase when the stator windings are con- 
nected to the connection board 1 . In Fig. 2, four shunt 
windings 2 that constitute the stator windings for one 
phase are represented by 2a, 2b, 2c, and 2d. 
[0014] The both ends of shunt windings 2a to 2d are 
connected to an end 1 2 and the other end 1 3 of the sta- 
tor windings for one phase composed of shunt windings, 
respectively. Furthermore, the end of the shunt windings 
2a on the end 13 side is connected to the end 12, and 
to the end of the shunt windings 2b on the end 12 side. 
The end of the shunt windings 2b on the end 13 side is 
connected to the end 12, and to the end of the shunt 
windings 2c on the end 12 side. The end of the shunt 
windings 2c on the end 13 side is connected to the end 
12, and to the end of the shunt windings 2d on the end 
12 side. 

[001 5] The stator windings of Fig. 2 are of a basic pat- 
tem, and are not used as they are. When they are ac- 
tually used, a part of the connection conductor of the 
connection board 1 is disconnected to obtain various 
wiring patterns. Disconnecting a part of the connection 
conductor means to disconnect a part of the basic pat- 
tem of Fig. 2, as shown by the symbol F in Figs. 3A-3C. 
[0016] When the portions of the basic pattem of Fig. 
2, shown by the symbol F in Fig. 3A, are disconnected, 
the four shunt windings 2a-2d are connected in series 
between one end 1 2 and the other end 1 3 of stator wind- 
ings. The pattern shown in Fig. 3A is hereafter called 
"serial connection". 

[0017] In Fig. 3A to Fig. 5. the symbol F indicates the 
disconnecting points of the conductor that connects 
each shunt winding. These disconnecting points are ob- 
tained by forming holes on the connection board 1, as 
described below. In Figs. 3Ato 3C, thick lines show the 
path of electric current. 

[0018] When the portions of the basic pattem of Fig. 
2, shown by the symbol F in Fig. 3B, are disconnected, 
the shunt windings 2a and 2b are connected in series, 
and the shunt windings 2c and 2d are connected in se- 
ries. These two serial circuits (2a-2b, 2c-2d) are con- 
nected in parallel. The pattern shown in Fig. 3B is here- 
after called "dual parallel connection". 
[0019] When the portions of the basic pattem of Fig. 
2, shown by the symbol F in Fig. 3C, are disconnected, 
all the shunt windings 2a through 2d are connected in 
parallel. The pattern shown in Fig. 3C is hereafter called 
"quadruple parallel connection". 
[0020] Fig. 4 shows a state where the wiring pattern 
(serial connection) is prepared for each of U, V, and W 
phases to fomi Y-connection. In Fig. 4, the ends 13 of 
stator windings when the winding pattem shown in Fig. 
3A is used in stator windings of U, V, and W phases are 
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identified by 13u, 13v, and 13w, respectively. 
[0021] Fig. 5 shows a state where the wiring pattern 
shown In FIG. 3A is prepared for each of U, V, and W 
phases to form A-connection. In Fig. 5, the both ends 
12 and 13 of stator windings when the winding pattern 
shown in Fig. 3A is used in stator windings of U, V, and 
W phases are identified by 1 2u, 1 3u; 1 2v. 1 3v; and 1 2w. 
1 3w, respectively. 

[0022] Similarly, wiring patterns shown in Fig. 3B or 
Fig. 3C (dual parallel connection or quadruple parallel 
connection) can be prepared for each of U, V, and W 
phases to fonn Y-connection or A-connection. 
[0023] As described above, the locations of the basic 
pattern to be disconnected (the selection of disconnect- 
ed locations F) determine which of serial connection of 
Fig. 3A, Dual parallel connection of Fig. SB, and quad- 
ruple parallel connection of Fig. 3C is made from the 
basic pattern of Fig. 2. That is. the locations of a con- 
nection board 1 at which holes are drilled determine this, 
as described below. Furthemnore, the locations of a con- 
nection board 1 at which holes are drilled also determine 
which of Y-connection and A-connection is made by 
combining three wiring pattems (Figs. 3A-3C) for one 
phase. 

[0024] The connection board 1 is fomied by stacking 
five connection board elements. The five connection 
board elements are: a connection board element 1 u for 
U-phase shown in Fig. 6A, a connection board element 
1v for V-phase shown in Fig. 6B, a connection board 
element 1 w for W-phase shown in Fig. 6C, a connection 
board element 1 s for Y-connection shown in Fig. 7A, and 
a connection board element 1 A for A-connection shown 
in Fig. 7B. The surfaces of these connection board ele- 
ments are coated with an insulating material. The con- 
nection board elements shown in Figs. 6A-6C, Fig. 7A. 
and Fig. 7B are those which have not been drilled. When 
these connection board elements are actually used, 
holes are selectively fomied at specified locations. 
[0025] As described above, one connection board 1 
is formed by stacking the five connection board ele- 
ments, 1u, 1v, 1w, Is, and 1A aligning the phase. 
[0026] These connection board elements have con- 
ductor portions. These conductor portions will be de- 
scribed below. 

[0027] In Figs. 6A-6C, Fig. 7A, and Fig. 7B. hatched 
areas 11a, lib, 11c. lid, lie, and 1 1f show the conduc- 
tor portions. 

[0028] In each of connection board element, 1u, 1v, 
and 1 w for U, V, and W phases of FIGS. 6A-6C, respec- 
tively, the conductor portion includes a circular conduc- 
tor portion 11a, and three arc-shaped conductor por- 
tions lib, 11c, and lid positioned on a same circumfer- 
ence. 

[0029] The connection board elements, 1u, 1v, and 
1w are substantially annular. On the inner circumferen- 
tial surface, 24 connecting portions 14 to fit end termi- 
nals 3 of each shunt winding of each phase (four shunt 
windings for each of U, V, and W phases; two temninals 
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for one shunt winding) are provided equidistantly in the 
circumferential direction. 

[0030] In Fig. 6A and the followings, symbols +u and 
-u, +v and -v, and +w and -w shown in the connecting 

5 portions 1 4 are the connecting portions to be connected 
to the temiinals 3 of the shunt windings of U, V, and W 
phases, respectively. The + symbols and the - symbols 
indicate that the terminal 12 and the temninal 13 side of 
the basic pattern of Fig. 2 are connected, respectively. 

10 [0031] Wire ends 12u, 12v. and 12w of connection 
board elements 1 u, 1v. and 1 wfor U, V, and W phases, 
respectively to be connected to external power source 
(not shown) are connected to the outer circular conduc- 
tor 11a, as shown in Figs. 6A-6C. 

15 [0032] Furthermore, in the connection board element 
1 u, the circular conductor 11 a is connected to the con- 
necting portion 14 to be connected to the positive-ter- 
minal 3 (-hU) of the U-phase, as shown in Fig. 6A. The 
arc-shaped conductors 1 1 b, 1 1 c, and 1 1 d are connected 

20 to the connecting portions 14 to be connected to posi- 
tive-terminal 3 (+U) and negative-terminal 3 (-U) of the 
U-phase shunt winding, respectively. 
[0033] Similarly, in the connection board element 1v, 
the circular conductor 11a is connected to the connect- 

25 ing poftion 1 4 to be connected to the positive-terminal 
3 (+V) of the V-phase, as shown in Fig. 6B. The arc- 
shaped conductors 11b, 11c, and lid are connected to 
the connecting portions 14 to be connected to positive- 
terminal 3 (+V) and negative-terminal 3 (-V) of the V- 

30 phase shunt winding, respectively. 

[0034] Furthermore, in the connection board element 
1w, the circular conductor 11a is connected to the con- 
necting portion 14 to be connected to the positive-ter- 
minal 3 (+W) of the W-phase. as shown in Fig. 6C. The 

35 arc-shaped conductors 1 1 b, 1 1 c, and 1 1 d are connected 
to the connecting portions 14 to be connected to posi- 
tive-terminal 3 (-I-W) and negative-terminal 3 (-W) of the 
W-phase shunt winding, respectively. 
[0035] Here, the structure of the connection board el- 

40 ement 1 u for the U-phase shown in Fig, 6A will be de- 
scribed in detail below. 

[0036] The temninal 3 in the positive-side (temninal 
12-side) of the shunt winding 2a shown in Fig. 2 is con- 
nected to the connecting portion 14 (+U), which is con- 

45 nected to the circular conductor 11a, and is not connect- 
ed to any of arc-shaped conductors 11b, 11c, and lid. 
The connecting portion 14 (-U), to which the negative- 
side terminal 3 (terminal 13-side) of the shunt winding 
2a is connected, is connected to the connecting portion 

50 14 (+U), to which the positive-side terminal 3 of the 
shunt winding 2b shown in Fig. 2 is connected via the 
arc-shaped conductor 11b. Further, the connecting por- 
tion 14 (-U), to which the negative side terminal of the 
shunt winding 2b is connected, is connected to the con- 

55 necting portion 14 (+U), to which the positive-side ter- 
minal 3 of the shunt winding 2c shown in Fig. 2 is con- 
nected via the arc-shaped conductor 11c. The connect- 
ing portion 14 (-U), to which the negative side terminal 
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of the shunt winding 2c is connected, is connected to 
the connecting portion 1 4 (+U). to which the positiveside 
temriinai 3 of the shunt winding 2d shown in Fig. 2 is 
connected via the arc-shaped conductor 11d. On the 
other hand, the connecting portion 14 (-U), to which the 
negative side terminal of the shunt winding 2d is con- 
nected, is connected to none of the oonductors of the 
connection board element 1u. 

[0037] The structures of the connection board ele- 
ment 1v for the V-phase shown in Fig. 6B and the con- 
nection board element 1w for the W-phase shown in Fig. 
6C are similar to the structure of the connection board 
element 1u for the U-phase shown in Fig. 6A. That is, 
the connecting portion 1 4 to be connected to conductors 
11a-11d are the connecting portions 14 (+V) and 14 {- 
V) to which the positive-side and negative-side termi- 
nals 3 of the winding for the V-phase, respectively, in the 
connection board element 1v for the V-phase shown in 
Fig. 6B; and are the connecting portions 14 (-i-W) and 
14 (-W) to which the positive-side and negative-side ter- 
minals 3 of the winding for the W-phase. respectively, in 
the connection board element 1w for the W-phase 
shown in Fig. 6C. 

[0038] In the connection board element 1 u for the U- 
phase (Fig. 6A), the connection board element 1v for 
the V-phase (Fig. 6B), and the connection board ele- 
ment 1w for the W-phase (Fig. 6C), the ends for external 
connection 12u, 12v, and 12w are connected to the cir- 
cular conductor 11a. The connecting portion 14 con- 
nected to the circular conductor 11a via none of arc- 
shaped conductors 1 1 b, 1 1 c, and lid becomes the con- 
necting portions 14 (+U, +V, +W) to which one end of 
the shunt winding 2a shown in Fig. 2. On the other hand, 
the connecting portion to which the other end of the 
shunt winding 2d shown in Fig. 2 becomes the connect- 
ing portions 14 (-U, -V, -W) which are not connected to 
the conductors of any of the connection board elements 
1u, 1v, and 1w. 

[0039] Thus, the connection board element 1 u for the 
U-phase (Fig. 6A), the connection board element 1 v for 
the V-phase (Fig. 68), and the connection board ele- 
ment 1 w for the W-phase (Fig. 6C) form the connection 
pattem that can produce the connection of Fig. 2 with 
conductors 11a through lid. 

[0040] Certain parts of the conductors 11a through 
11d of these connection board elements 1u, 1 v, and 1w 
are widened. This is because of consideration that even 
though a part of conductors 11a through 1 1 d of any con- 
nection board element constituting the connection 
board 1 is drilled to disconnect the conductors, corre- 
sponding part of conductors 11a through 1 1 d of any oth- 
er connection board elements is not disconnected. 
[0041] Figs. 7A and 78 show the basic patterns of 
connection board elements for Y-connection and A-con- 
nection, respectively. 

[0042] Since the connection board element shown in 
Fig. 7A is used for Y-connection, this is hereafter called 
the connection board element for Y-connection 1s. 



Since the connection board element shown in Fig. 78 is 
used for A-connection. this is hereafter called the con- 
nection board element for A-connection 1A. 
[0043] In the connection board element for Y-connec- 

5 tion Is shown in Fig. 7A, the connecting portion 14, to 
which terminals 3 of -u, -v, and -w are connected, is con- 
nected to the conductor lie. This conductor 1 1 e is sub- 
stantially circular although a part of the circumference 
is lacked. The radius of the circle Is the same as the 

10 radius of the circle of conductor 1 1 a on each of connec- 
tion board elements 1 u, 1 v, and 1 w, for the U-phase. the 
V-phase and the W-phase and is positioned on the same 
circumference as the circumference of the conductor 
11a. 

15 [0044] One end of the conductor 1 1 e, in which a part 
of the circumference is disconnected, is connected to 

the connecting portion 14 (+U) to be connected to the 
positive-side temninal 3 of the shunt winding 2a for the 
U-phase shown in Fig. 2, and the other end is connected 
20 to the connecting portion 14 (-U) adjacent to the con- 
necting portion 14 (+U). 

[0045] Although the conductor lie is not perfectly cir- 
cular as described above, this is hereafter called the cir- 
cular conductor. 

25 [0046]^ Next, in the connection board element for A- 
connection 1 A shown in Fig. 78. the connecting portion 
14 (-U) and the connecting portion 14 (+V) adjacent to 
each other to which the terminals 3 of-u and +v are con- 
nected, the connecting portion 14 (-V) and the connect- 

30 ing portion 14 (+W) adjacent to each other to which the 
terminals 3 of -v and +w are connected, and the con- 
necting portion 14 (-W) and the connecting portion 14 
(+U) adjacent to each other to which the terminals 3 of 
-w and 4-u are connected, are connected to each other 

35 through the conductors 11 f. 

[0047] By aligning the phase of the above-described 
five connection board elements 1u, 1v, 1w, Is, and 1A 
shown in Fig. 6A through Fig. 78, insulating between 
each connection board element with an insulator, and 

40 stacking them, a connection board 1 is constituted. 
[0048] Holes F are drilled on the adequate places of 
the connection board 1 , to obtain the wiring pattems of 
stator windings shown in Figs. 3 and 4 selectively. 
[0049] In this embodiment, six types of wiring pat- 

45 terns, [serial connection - Y-connection], [serial connec- 
tion - A-connection], [dual parallel connection - Y-con- 
nection], [dual parallel connection - A-connection], 
[quadruple parallel connection - Y-connection], and 
[quadruple parallel connection - A-connection] can be 

so obtained selectively by the selection of locations of 
holes drilled on the connection board 1 . 
[0050] Fig. 8 is a diagram illustrating the locations of 
holes F1 through F 42 drilled when the selected wiring 
pattems are formed. In Fig. 8, and in Fig. 9A through 

55 Fig. 14D described later, the symbol F is omitted, and 
only numerals are used to indicate these holes. For ex- 
ample, the hole "F1" is indicated as "1". 
[0051] In Fig. 8, holes to be drilled are positioned on 
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four circumferences of different radii, tn the following de- 
scription, these four circumferences are called first, sec- 
ond, third, and fourth circumferences in the order from 
the largest radius. 

[0052] Holes F1 through F12 are positioned on the 
first circumference. These holes F1 through F12 are 
holes to disconnect the conductor 1 1 f that connects the 
connecting portions 14 adjacent to each other of the 
connection board element for A-connection 1A shown 
in Fig. 7B. Consideration is made so that drilling of these 
holes F1 through F12 does not disconnect the conduc- 
tors of other connection board elements 1u, 1v. 1w, and 
Is. 

[0053] Holes F1 6, F22, and F27 are positioned on the 
second circumference. These holes F16. F22, and F27 
are holes drilled for other than [dual parallel connection 
- Y-connection], and are holes to disconnect the conduc- 
tor lie on the connection board element for Y-connection 
1s. These holes F16, F22, and F27 are drilled on the 
locations above the circular conductors 11a of the con- 
nection board elements 1u, 1v, and 1w for and 
W-phases, respectively. However, in the connection 
board elements 1 u, 1 v, and 1 w for U-, V-, and W-phases, 
consideration is made so that the conductors 11a are 
widely formed on locations where these holes F1 6, F22, 
and F27 are drilled, and these holes F1 6, F22, and F27 
do not disconnect the conductors 1 1 a of the connection 
board elements 1u, 1v, and 1w. 

[0054] Holes F13. F15, F18, F19, F21. F24-F26, F29. 
F30, F32-F35 and F37-F42 are positioned on the third 
circumference. These holes are drilled between the cir- 
cular conductor 11a and arc-shaped conductors 11b, 
11c, and lid of the connection board elements 1u, 1v, 
and Iwfor U-, and W-phases, respectively, and are 
holes to disconnect conductors that connect each con- 
necting portion 14 to circular conductor 11a, and the 
conductor 11e on the connection board elements for Y- 
connection Is to each connecting portion 14. 
[0055] Holes F14, F17, F20, F23, F28, F31 , and F36 
are positioned on the fourth circumference. These holes 
are drilled on the same radius as the radii of arc-shaped 
conductors 11b. 11c, and lid that connect shunt wind- 
ings, and are holes to disconnect these conductors lib, 
11c, and lid selectively. 

[0056] The locations for drilling holes F to obtain each 
wiring pattem are shown in Fig. 15. 
[0057] Next, drilling of the connection board 1 for ob- 
taining each wiring pattern will be described below. 

(1) Serial connection - Y-connection 

[0058] On a connection board 1, which is formed by 
stacking five connection board elements 1 u, 1 v, 1 w, 1 s, 
and 1A, holes F1-F13. F15. F16. FIB, F19, F21, F22. 
F24-F26, F29, F30, F32. F35, F37 and F39-F42 are 
drilled. 

[0059] Fig. 9A through Fig. 9C are diagrams showing 
the state of the connection board elements 1 u, 1 v, and 
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1w for U-, V-, and W-phases, respectively, when serial 
connection is made. Although a plurality of holes F are 
selectively drilled on the connection board 1 as de- 
scribed above, Fig. 9A through Fig. 9C show only holes 

5 F related to the formation of the connection board ele- 
ments 1u, 1v, and 1w, respectively. 
[0060] As shown in Rg. 9A, since holes F21 , F29. and 
F37 are drilled on the connection board element 1u for 
the U-phase. only the connecting portion 14, which is 

10 connected to the positive-side temninal 3 (4-U) of the 
shunt winding 2a of the U-phase, is connected to the 
circular conductor 11a, which is connected to the termi- 
nal 12u to be connected to power source. Holes F21 , 
F29, and F37 disconnect the connecting portions 14, 

15 which are connected to the positive-side terminals 3 
{+U) of other shunt windings 2b, 2c, and 2d for the U- 
phase, from the circular conductor 11a. thus disconnect 
from the external terminal 12u. 

[0061] The connecting portion 14, which is connected 

20 to the negative-side temninal 3 (-U) of the shunt winding 
2a of the U-phase, is connected to the connecting por- 
tion 14 of the positive-side temninal 3 (+U) of the shunt 
winding 2b of the U-phase via the circular conductor 
lib. The connecting portion 14, which is connected to 

25 the negative-side terminal 3 (-U) of the shunt winding 
2b of the U-phase, is connected to the connecting por- 
tion 14 of the positive-side temninal 3 (+U) of the shunt 
winding 2c of the U-phase via the circular conductor 1 1 c. 
The connecting portion 14, which is connected to the 

30 negative-side temninal 3 (-U) of the shunt winding 2c of 
the U-phase, is connected to the connecting portion 14 
of the positive-side temninal 3 (+U) of the shunt winding 
2d of the U-phase via the circular conductor lid. That 
is, shunt windings 2a, 2b, 2c, and 2d of the U-phase are 

35 connected in series. 

[0062] Similariy. as shown in Fig. 9B. since holes F15, 
F24, and F32 are drilled on the connection board ele- 
ment Ivforthe V-phase, only the connecting portion 14, 
which is connected to the positive-side terminal 3 (+V) 

40 of the shunt winding 2a of the V-phase, is connected to 
the circular conductor 11a. Shunt windings 2a, 2b, 2c, 
and 2d of the V-phase are also connected in series via 
circular conductors lib. 11c, and lid. 
[0063] Furthermore, as shown in Fig. 9C, since holes 

45 F1 8, F26, and F40 are drilled on the connection board 
element Iwfor the W-phase, only the connecting portion 
14, which is connected to the positive-side terminal 3 
(+U) of the shunt winding 2a of the W-phase, is connect- 
ed to the circular conductor 11a. Shunt windings 2a, 2b. 

50 2c, and 2d of the W-phase are also connected in series 
via circular conductors 11b, 11c, and 11 d. 
[0064] When Y-connection is to be made, for the con- 
nection board element 1 sfor Y-connection, only the con- 
necting portions 14 of the negative-side temiinals 3 (-U, 

55 -V, -W) of the shunt windings 2d for U-, V-, and W-phas- 
es, respectively, are connected to the circular conductor 
lie of the connection board element Is for Y-connec- 
tlon, because holes F13. F16, F19, F22, F25, F30, F35. 
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F39. F41 , and F42 are drilled as shown in Fig. 1 0A. For 
the connection board element 1A for A-connection, 
since holes F1 through F12 are drilled, the conductors 
1 1 f that connect each connecting portion 1 4 are discon- 
nected to break connection between the connecting por- 
tions. 

[0065] As a result, the terminals 12u, 12v, and 12wfor 
V-, and W-phases, respectively, to be connected to 
power source are connected to the positive-side termi- 
nals 3 (+U, +V. +W) of shunt windings 2a of each phase. 
Each of shunt windings 2a, 2b, 2c, and 2d are connected 
in series via circular conductors 11b, 11c, and 11d. The 
negative-side temninal 3 {-U, -V, -W) of the last shunt 
windings 2d is connected to the circular conductor lie 
of the connection board element Is for Y-connection 
shown in FIG. 10A. Thus, the wiring pattem of [serial 
connection - Y-connection] shown in Fig.4 is obtained. 
[0066] Although a problem may be arisen if holes nec- 
essary for obtaining the wiring pattem of [serial connec- 
tion - Y-connection] disconnect conductors 11a through 
1 1 e of other connection board elements to make them 
not conduct electric current at locations where electric 
current must be conducted, the present invention over- 
comes this problem, and is constituted so as not to dis- 
connect conductors that should not be disconnected, 
and to allow then to conduct electric current. 
[0067] Although holes F21, F29, and F37 are drilled 
on the connection board element 1 u for the U-phase to 
obtain the wiring pattern of [serial connection - Y-con- 
nection], and the connection between the circular con- 
ductor 11a and the connecting portions 1 4, to which the 
positive-side temriinals of shunt windings 2b, 2c, and 2d 
are disconnected, since no conductors 11 are provided 
at locations of these holes of other connection board el- 
ements 1v, 1w. Is, and 1A, or a part of widened areas 
of the conductors is disconnected so as not to discon- 
nect conduction, drilling of these holes F21, F29, and 
F37 does not affect the conduction of other connection 
board elements 1v, 1w, Is, and 1A. 
[0068] Similarty. since holes F15, F24, and F32 for 
disconnecting the conductor 1 1 of the connection board 
element 1v for the V-phase do not serve to disconnect 
the conductors 11 on other connection board element 
1u, 1w, Is, and 1A, conduction of these connection 
boards are not changed. Also, since holes F1 8, F26, and 
F40, for disconnecting the conductor 1 1 on the connec- 
tion board element 1w for the W-phase; holes F13, F19 
F25, F30, F35, F39, F41 , and F42 for disconnecting the 
conductor 11 on the connection board element Is for Y- 
connection; and holes F1 through F1 2 for disconnecting 
the conductor 11 on the connection board element 1A 
for A-connection do not serve to disconnect conductors 
11 of other connection board elements to disconnect 
conduction, conduction of these connection boards are 
not changed. 

[0069] However, although holes F1 6 and F22 for dis- 
connecting the conductor lie on the connection board 
element Is for Y-connection are at locations of circular 
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conductors 11a of the connection board elements 1u. 
1 V, and 1 w for and W-phases, since the conduc- 
tors 1 1 a of these connection board elements 1 u, 1 v, and 
1w for U-, V-, and W-phases are widened at locations 
of these holes F1 6 and F22 as shown in Figs. 6A through 
6C and Figs. 9A through 9C, the conductive state is 
maintained even if the holes F16 and F22 are drilled, 
and the wiring pattem for [serial connection - Y-connec- 
tion] is not damaged. The hole F16 is not necessarily 
drilled. 

[0070] When the phases of the connection board 1 
that has holes drilled in that way are aligned as shown 
in FIG. 1 , and the connecting portions 1 4 are fitted and 
connected to terminals 3 of each winding, the stator 
windings of the wiring pattem for serial connection and 
Y-connection can be obtained. 

[0071 ] That is, shunt windings 2a through 2d are con- 
nected in series via the connection board elements 1u 
for the U-phase, passing from the terminal 12u to be 
connected to power source of the U-phase through the 
conductor 11a of the connection board elements 1u for 
the U-phase; passing from the connecting portion 14 
connected to the positive terminal 3 (+U) of the shunt 
winding 2a of the U-phase through the shunt winding 2a 
of the U-phase; passing from the connecting portion 14 
of the negative-side terminal 3 (-U) through the conduc- 
tor 11b; and being connected to the connecting portion 
14 of the positive terminal 3 (+U) of the shunt winding 
2b, the shunt winding 2b, the connecting portion 14 of 
the negative-side terminal 3 (-U), the conductor 1 1 c, the 
connecting portion 14 of the positive temninal 3 (+U) of 
the shunt winding 2c, the shunt winding 2c, the connect- 
ing portion 14 of the negative-side temninal 3 (-U), the 
conductor 11d, the connecting portion 14 of the positive 
terminal 3 (+U) of the shunt winding 2d, the shunt wind- 
ing 2d, the connecting portion 14 of the negative-side 
terminal 3 (-U), and the circular conductor 11e of the 
connecting board element Is for Y-connection. 
[0072] The connecting portion 14, to which the nega- 
tive-side tenninal 3 (-U) of the last shunt winding 2d is 
connected, is connected to the circular conductor lie 
of the connection board element 1s for Y-connectlon. 
[0073] Similarty for the V-phase, the shunt windings 
2a through 2d of the V-phase are connected in series 
by the connection board element 1v for the V-phase; the 
connecting portion 14, to which the positive-side termi- 
nal 3 (+V) of the first shunt winding 2a is connected, is 
connected to the terminal 12v to be connected to power 
source, and is connected to the circular conductor lie of 
the connection board element 1 s for Y-connection via 
the connecting portion 14, to which the negative-side 
temninal 3 (-V) of the last shunt winding 2a is connected. 
[0074] Further similarly, the connecting board ele- 
ment 1 w for the W-phase connects shunt windings 2a 
through 2d for the W-phase in series. The connecting 
portion 14, to which the positive-side terminal 3 (+W) of 
the first shunt winding 2a is connected, is connected to 
the temninal 1 2w to be connected to power source; and 
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is connected to the circular conductor lie of the con- 
nection board element Is for Y-connect!on via the con- 
necting portion 14, to which the negative-side temnlnal 
3 (-W) of the last shunt winding 2a is connected. 
[0075] As a result, as shown in FIG. 4, the wiring pat- 5 
tern of stator windings, in which shunt winding of each 
phase if connected in series and in Y-connection. can 
be obtained. 

(2) Serial connection - A-connection 

[0076] Holes F1 through F7, F9, F11 through F13. 
F15, F16, F18, F19, F21, F22, F24 through F26, F29. 
F30. F32, F33, F35, and F37 through F41 are drilled on 
a connection board 1 . '5 
[0077] In this case, the connection board elements 
1u, 1v, and 1w for U-. and W-phases» respectively, 
are in the states shown in Figs. 9A, 9B, and 9C. respec- 
tively. This is similar to the case of the above-described 
[serial connection - Y-connection]. What is different is 20 
that the states of connection board elements 1s and 1 A 
for Y- and A-connections, respectively, are changed. In 
the connection board element Is, only the connecting 
portion 14, to which the positive-side terminal 3 (+U) of 
the shunt winding 2a of the U-phase are connected, and 25 
the negative terminal 3 (-W) of the shunt winding 2d of 
the W-phase are connected by the circular conductor lie 
through holes F13. F16, F19. F22. F25, F30. F33. F35. 
F38, F39, and F41 as shown in Fig. IOC. While in the 
connection board element 1A for A-connections, since 50 
holes F1 through F7, F9, F11, and F12 are drilled, but 
holes F8 and F10 are not drilled, the connecting portion 
14, to which the negative-side terminal 3 (-V) of the 
shunt winding 2d of the V-phase is connected, and the 
connecting portion 1 4, to which the positive-side termi- 35 
nal 3 (+W) of the shunt winding 2a of the W-phase are 
connected by the conductors 11 f, and also, the connect- 
ing portion 14, to which the negative-side terminal 3 (- 
U) of the shunt winding 2d of the U-phase is connected, 
and the connecting portion 1 4. to which the positive-side 
temninal 3 (4-V) of the shunt winding 2a of the V-phase 
are connected, are connected by the conductors 11f. 
[0078] As a result, shunt windings 2a, 2b, 2c, and 2d 
of each phase are connected in series. The connecting 
portions 14 of the terminals -U and -V of the last shunt ^5 
windings 2d of the U-phase and the V-phase are con- 
nected to the connecting portions 1 4 of the positive-side 
terminals 3 (+V, +W) of each shunt winding 2a of the V- 
phase and the W-phase by the conductor 1 1 f of the con- 
nection board element 1A for A-connection, and also so 
connected to the terminals 1 2v and 1 2w to be connected 
to power source of the V-phase and the W-phase. Also, 
the connecting portions 14 of the negative-side tenminal 
3 (-W) of the last shunt winding 2d of the W-phase is 
connected to the connecting portion 1 4 of the positive- 55 
side temninal 3 {+U) of the shunt winding 2a of the Li- 
phase by the conductor 11 e of the connection board el- 
ement Is for Y-connection, and also connected to the 



terminal 12u to be connected to power source of the U- 
phase. As described above, the wiring pattem for A-con- 
nection in which shunt winding of each phase is con- 
nected in series as shown in Fig. 5 can be obtained. 

(3) Dual parallel connection - Y-connection 

[0079] This wiring pattem is a wiring pattem to con- 
nect the shunt winding 2a to the shunt winding 2b in se- 
ries, the shunt winding 2c to the shunt winding 2d in se- 
ries, and these two serially connected windings are con- 
nected in parallel to constitute Y-connection, as shown 
in Fig. 3B. 

[0080] To obtain this wiring pattem, holes Fl through 
F1 3, F1 5. F1 7. F1 9, F21 , F23, F25, F26. F28. F30, F32. 
F35, F37, F39, F40. and F42 are drilled. 
[0081] Figs. 11 Athrough 11 C show the wiring pattems 
of connection board elements 1u, 1v. and 1 w for U-, V-, 
and W-phases, respectively for making this [dual paral- 
lel connection - Y-connection]. In this case also, only 
holes related to each connection board element are 
shown on each connection board element. 
[0082] Fig. 11 A shows the wiring pattem of the con- 
nection board element 1 u for the U-phase. Only the con- 
necting portions 14 of the positive-side terminals 3 (4-U) 
of the shunt winding 2a and the shunt winding 2c are 
connected to the tenninal 1 2u to be connected to power 
source via the circular conductor 11a by drilling holes 
F21 and F37. Also by drilling the hole F28, the arc- 
shaped conductor 11c that connects the connecting por- 
tion 14 of the negative-side tenninal 3 (-U) of the shunt 
winding 2b with the connecting portion 1 4 of the positive- 
side terminal 3 {+U) of the shunt winding 2c is discon- 
nected to break the connection between them. Conse- 
quently, the shunt winding 2b is connected in series from 
the arc-shaped conductor lib to the shunt winding 2a 
connected to the terminal 1 2u to be connected to power 
source, and the end thereof terminates at the connect- 
ing portion 14 where the negative-side terminal 3 (-U) 
of the shunt winding 2b is connected. On the other hand, 
a shunt winding 2d is connected in series from the arc- 
shaped conductor 1 1 d to the shunt winding 2c connect- 
ed to the terminal 1 2u to be connected to power source, 
and the end thereof terminates at the connecting portion 
14 where the negative-side terminal 3 (-U) of the shunt 
winding 2d is connected. 

[0083] As a result, the shunt windings 2a and 2b, as 
well as the shunt windings 2c and 2d are connected in 
series, the connecting portions 14 of the positive-side 
terminals 3 (+U) of the shunt windings 2a and 2b each 
of which is one end of each serial connection are con- 
nected to the temninal 12u to be connected to power 
source, and the connecting portions 14 of the negative- 
side terminals 3 (-U) of the shunt windings 2b and 2d 
each of which is the other end of each serial connection 
are not connected to the conductor on the connection 
board element 1 u for the U-phase, but connected to the 
conductor lie on the connecting board element 1 s for Y- 
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connection as described below. 
[0084] Rg. 11 B shows the wiring pattern of the con- 
nection board element 1 v for the V-phase. Only the con- 
necting portions 14 of the positive-side tenninals 3 (+V) 
of the shunt winding 2a and the shunt winding 2c are 5 
connected to the tenninat 1 2v to be connected to power 
source via the circular conductor 11a by drilling holes 
F15 and F32. Also by drilling the hole F23, the arc- 
shaped conductor 11c that connects the connecting por- 
tion 14 of the negative-side terminal 3 ( V) of the shunt io 
winding 2b with the connecting portion 1 4 of the positive- 
side temiinat 3 (+V) of the shunt winding 2c is discon- 
nected to break the connection between them. 
[0085] As a result, shunt winding 2a and 2b, and shunt 
windings 2c and 2d are connected in series, and the 
connecting portions 14 of the positive-side temninals 3 
(+V) of the shunt windings 2a and 2c that are other ends 
of each serial connection are connected to the terminal 
1 2v to be connected to power source, and the connect- 
ing portions 1 4 of the negative-side terminals 3 (-V) of 
the shunt windings 2b and 2d that are other ends of each 
serial connection are connected to the conductor lie on 
the connecting board element 1 s for Y-connection as de- 
scribed below. 

[0086] Fig. 11 C shows the wiring pattern of the con- 25 
nection board element 1w for the W-phase. By drilling 
holes F1 7, F26, and F40, the shunt windings 2a and 2b, 
the shunt windings 2c and 2d for the W-phase are con- 
nected in series In the same manner as in the connec- 
tion board elements 1u and 1w for U- and W-phases, 30 
respectively. The connecting portion 14 of the positive- 
side tenminals 3 (+W) of the shunt winding 2a and the 
shunt winding 2c, which is one end of each serial con- 
nection, is connected to the terminal 12w to be connect- 
ed to power source, and the connecting portion 14 of 35 
the negative-side tenninals 3 (-W) of the shunt winding 
2b and the shunt winding 2d, which is the other end of 
each serial connection, is connected to the conductor 
lie on the connecting board element 1s for Y-connection 
as described below. 

[0087] Figs. 12A and 12B show the connection pat- 
terns of the connection board element 1 s for Y-connec- 
tion and the connection board element 1 A for A-connec- 
tion in this [dual parallel connection Y-connection], re- 
spectively. Since all of holes F1 through F12 are drilled 45 
on the connection board element 1 A for A-connection, 
as shown in Fig. 12B, connection between connecting 
portions 14 by conductors 11f is disconnected. Since 
holes F13, F19, F25, F30, F35, F39, and F42 are drilled 
on the connection board element Is for Y-connection, 50 
the connecting portions 14, to which the negative-side 
terminals 3 (-U, -V, -W) of the shunt windings 2b and 2d 
of each phase are connected, are connected via the 
conductor 1 1 e on the connection board element 1 s for 
Y-connection. 55 
[0088] As a result, a parallel circuit is formed in the 
winding of the U-phase, from a serial circuit from the 
terminal 12u to be connected to power source of the 
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connection board element for the U-phase, through the 
shunt winding 2a, the arc-shaped conductor 11b, the 

shunt winding 2b, to the conductor 1 1 f of the connection 
board element Is for Y-connection; and a serial circuit 
from the terminal 12u to be connected to power source 
of the connection board element for the U-phase, 
through the shunt winding 2c, the arc-shaped conductor 
lid, the shunt winding 2d, to the conductor 11f of the 
connection board element Is for Y-connection. 
[0089] Similarty, for the V-phase, a parallel circuit is 
formed from a serial circuit from the terminal 12v to be 
connected to power source of the connection board el- 
ement 12v for the V-phase, through the shunt winding 
2a, the arc-shaped conductor lib, the shunt winding 2b, 
to the conductor 1 1 f of the connection board element 1 s 
for Y-connection; and a serial circuit from the terminal 
12v to be connected to power source of the connection 
board element for the V-phase, through the shunt wind- 
ing 2c, the arc-shaped conductor lid, the shunt winding 
2d, to the conductor 1 1 f of the connection board element 
Is for Y-connection. 

[0090] For the W-phase, a parallel circuit is formed 
from a serial circuit from the temiinal 1 2w to be connect- 
ed to power source of the connection board element 1 w 
for the^-phase, through the shunt winding 2a, the arc- 
shaped conductor lib, the shunt winding 2b, to the con- 
ductor 1 1f of the connection board element Is for Y-con- 
nection; and a serial circuit from the temiinal 12w to be 
connected to power source of the connection board el- 
ement for the W-phase, through the shunt winding 2c, 
the arc-shaped conductor lid, the shunt winding 2d. to 
the conductor 11f of the connection board element Is 
for Y-connection. 

[0091] Thus, the wiring pattem of Y-connection in 
which two sets of two wirings are connected in series, 
and the serial circuits are connected In parallel can be 
obtained. 

[0092] Since no conductors are provided on other 
connection board elements at the locations of holes F21 
and F37 that disconnecttheconductorof the connection 
board elements 1u for the U-phase, the locations of 
holes F15 and F32 that disconnect the conductor of the 
connection board elements 1v for the V-phase. and the 
locations of holes F26 and F40 that disconnect the con- 
ductor of the connection board elements 1w for the W- 
phase, drilling of these holes does not affect the con- 
duction of other connection board elements. 
[0093] Although the arc-shaped conductor 1 1 d is pro- 
vided on the connection board elements 1v for the V- 
phase, at the location of the hole F28 that disconnects 
the arc-shaped conductor 11c on the connection board 
elements 1 u for the U-phase, the conductor 1 1 d is wid- 
ened at the location of the hole F28, and is not discon- 
nected even if the hole F28 is drilled. 
[0094] Although the arc-shaped conductor 1 1 d is pro- 
vided on the connection board elements 1 w for the W- 
phase, at the location of the hole F23 that disconnects 
the arc-shaped conductor 11c on the connection board 
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elements 1v for the V-phase, the conductor lid is wid- 
ened at the location of the hole F23, and is not discon- 
nected even if the hole F23 is drilled. Although this hole 
F23 disconnects the arc-shaped conductor 11c on the 
connection board elements 1 u for the U-phase, this arc- 
shaped conductor 11c is disconnected by the hole F28. 
and does not affect conduction. 

[0095] Furthermore, although the arc-shaped con- 
ductor 11b is provided on the connection board ele- 
ments 1u for the U-phase, at the location of the hole F17 
that disconnects the arc-shaped conductor 11c on the 
connection board elements 1w for the W-phase, the 
conductor 1 1 b is widened at the location of the hole F1 7, 
and is not disconnected even if the hole F1 7 is drilled. 
Although this hole F1 7 disconnects the arc-shaped con- 
ductor 11c on the connection board elements 1 v for the 
V-phase, this arc-shaped conductor 11c is disconnected 
by the hole F23, and does not affect conduction. 



connected to the terminal 12w to be connected to power 
source of the W-phase. to which the connecting portion 

1 4 of the positive temninals 3 (4-W) of the shunt windings 
2a and 2c for the W-phase is connected. Thus, the wir- 

5 ing pattern of the A-connection, in which the shunt wind- 
ing of each phase shown in Fig. 5 is dual parallel con- 
nection shown in Fig. 3B, can be obtained. 
[0099] In this case, although holes F1 6, F22, and F27 
are drilled to disconnect the conductor lie on the con- 

'0 nection board element Is for Y-connection, the locations 
of drilling these holes are on the circular conductors 11a 
on connection board elements 1 u, 1v, and 1 wfor V-. 
and W-phases, respectively. However, since these cir- 
cular conductors 11a are widened at the locations of 

15 holes F1 6, F22, and F27, conduction is not disconnect- 
ed by these holes. 

(5) Quadruple parallel connection - Y-connection 



(4) Dual parallel connection - A-connectlon 

[0096] Holes F1. F3, F5, F7. F9, F11, F13, F15 
through F17. F19, F21 through F23, F25 through F28. 
F30, F32, F33. f35. and F 37 through F42 are drilled on 

the connection board 1 . 

[0097] In this case, the state of the connection board 
elements 1u, 1v, and 1w for U-, V-, and W-phases, re- 
spectively, is the state shown in Figs. 1 1 A through 1 1 C, 
and is similar to the case of the above-described [dual 
parallel connection - Y-connection]. What is different is 
that the state of the connection board elements Is and 
1 A for Y- and A-connections, and as shown in Fig. 12C, 
the connection between all connecting portions 1 4 in the 
connection board elements 1s for Y-connection is dis- 
connected by holes F13, F16. F19, F22, F25, F27, F30, 
F33, F35, F38. F39, F41, and F42. On the other hand, 
as shown in Fig. 12D, since holes F1, F3, F5, F7, F9, 
and F11 are drilled, but holes F2. F4. F6, F8, FIG, and 
F1 2 are not drilled on the connection board elements 1 A 
forA-connection, the connecting portion 14, to which the 
negative temninals 3 (-W) of the shunt windings 2b and 
2d for the W-phase are connected, is connected to the 
connecting portion 14, to which the positive terminals 3 
(4-U) of the shunt windings 2a and 2c for the U-phase 
are connected, and since the connecting portion 14 of 
the positive tenninals 3 (+U) of the shunt windings 2a 
and 2c for the U-phase are connected to the terminal 
12u of the U-phase, the connecting portion 14 of the 
negative terminals 3 (-W) of the shunt windings 2b and 
2d for the W-phase is connected to the terminal 1 2u for 
the U-phase. 

[0098] Similariy, the connecting portion 1 4 of the neg- 
ative temninals 3 (-V) of the shunt windings 2b and 2d 
for the U-phase is connected to the connecting portion 
14, to which the positive terminals 3 (-i-V) of the shunt 
windings 2a and 2c for the V-phase are connected, and 
the connecting portion 14 of the negative terminals 3 {- 
V) of the shunt windings 2b and 2d for the V-phase are 



20 [0100] As FIG. 3A shows the connection of shunt 
windings of each phase, this wiring pattern is used for 
connecting the shunt windings 2a through 2d in parallel 
to constitute Y-connection. In order to obtain this wiring 
pattern, holes F1 through F12, F14, F20, F26, F36, and 

25 F42 are drilled. 

[0101 ] Figs. 1 3A through 1 3C show wiring patterns of 
connection board elements 1u, 1v, and 1w for U-, V-, 
and W-phases, respectively, for making this [quadruple 
parallel connection - Y-connection]. In this case also, on- 

30 ly holes related to each connection board element are 
indicated on each connection board element. 
[0102] Fig. 13A shows the wiring pattem of the con- 
nection board element 1 u for the U-phase. By drilling 
holes F20, F26, and F36, the connection between shunt 

35 windings 2a, 2b, 2c, and 2d is disconnected, and the 
connecting portion 14 of the positive-side temnlnal 3 
(+U) of each shunt winding 2a, 2b, 2c, and 2d are con- 
nected to the terminal 12u to be connected to power 
source via the circular conductor 11a. 

40 [0103] Similarty for the connection board element 1 v 
for the V-phase, by drilling holes F14, F20, and F31 , as 
shown in Fig. 13B, the connection between shunt wind- 
ings 2a, 2b, 2c, and 2d is disconnected, and the con- 
necting portion 14 of the positive-side terminal 3 (+V) of 

45 each shunt winding 2a, 2b, 2c, and 2d are connected to 
the temninal 12v to be connected to power source via 
the circular conductor 11a. 

[0104] For the connection board element 1w for the 
W-phase, by drilling holes F1 4, F20, and F36, as shown 

50 in Fig. 13C, the connection between shunt windings 2a, 
2b, 2c, and 2d is disconnected, and the connecting por- 
tion 1 4 of the positive-side terminal 3 (4>W) of each shunt 
winding 2a, 2b, 2c, and 2d are connected to the terminal 
12w to be connected to power source via the circular 

55 conductor 11a. That is, the positive-side temninals 3 of 
shunt windings for U-, V-, and W-phases are connected 
in parallel to the temninals 12u. 12v. and 12w to be con- 
nected to power source, respectively. 
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[0105] Figs. 14A and 14B show the connection pat- 
terns of the connection board element Is for Y-connec- 
tion and the connection board element 1 A for A-connec- 
tion, for making this [quadruple parallel connection - Y- 
connection], respectively. Since the hole F42 is drilled 
on the connection board element 1 s for Y-connection as 
shown in Fig. 1 4A, the connecting portion 1 4 connected 
to the negative-side temninal 3 of each shunt winding for 
each phase is connected by the conductor 11e. (Holes 
F1 4, F20, F26, F31 , and F36 do not disconnect the con- 
ductor of the connection board element 1 s for Y-connec- 
tion.) Also, holes F1 through F12 are drilled on the con- 
nection board element 1 A for A-connection as shown in 
Fig. 14B, connecting portions 14 are not connected. 
[0106] Since holes are drilled as described above, 
shunt windings for each phase are connected in parallel 
as shown in Fig. 3C, and these windings connected in 
parallel are connected in Y-connection. 

(5) Quadruple parallel connection - A-connection 

[0107] In this case, holes F13. F14. F16, F19, F20, 
F22, F25. F26. F27, F30. F31 , F33. F35, F36, F38, F39, 
F41 , and F42 are drilled on the connection board 1 . 
[0108] The connected state of connection board ele- 
ments 1u, 1v, and IwforU-, V-, and W-phases, respec- 
tively, is the same as that of the above-described [quad- 
ruple parallel connection - Y-connection] shown in Figs, 
13A through 13C, and only the connection of the con- 
nection board element Is for Y-connection and the con- 
nection board element 1 A for A-connection are changed 
as shown in Figs. 14C and 14D. By drilling holes F13, 
F16, F19. F22, F25, F27, F30. F33. F35, F38, F39. F41 . 
and F42, the connection board element 1 s for Y-connec- 
tion does not connect the connecting portion 14, to 
which the terminals of each shunt winding for each 
phase are connected. 

[0109] On the other hand, since holes F1 through F1 2 
are not drilled on the connection board element 1 A for 
A-connection, the connecting portion 14 to which the 
negative-side terminal 3 (-W) of each shunt winding for 
the W-phase is connected is connected to the connect- 
ing portion 1 4 to which the positive-side terminal 3 (+U) 
of each winding for the U-phase is connected. 
[01 1 0] Similariy the connecting portion 1 4 to which the 
negative-side terminal 3 (-V) of each shunt winding for 
the V-phase is connected is connected to the connecting 
portion 14 to which the positive-side terminal 3 (+W) of 
each winding for the W-phase is connected; and the 
connecting portion 14 to which the negative-side termi- 
nal 3 (-U) of each shunt winding for the U-phase is con- 
nected is connected to the connecting portion 14 to 
which the positive-side terminal 3 (-i-V] of each winding 
for the V-phase is connected. 

[01 11] Also, as shown in Figs. 1 3A through 1 3C, since 
the positive-side terminals 3 (+U, +V, +W) of each shunt 
winding for each of U-, V-, and W-phases is connected 
to terminals 12u, 12v, and 12wto be connected to power 



source, respectively, the connecting portion 14 to which 
the negative-side temiinal 3 (-W) of each shunt winding 
for the W-phase is connected is connected to the termi- 
nal 12u to be connected to power source of the U-phase; 

5 the connecting portion 1 4 to which the negative-side ter- 
minal 3 (-V) of each shunt winding for the V-phase is 
connected is connected to the terminal 1 2w to be con- 
nected to power source of the W-phase; and the con- 
necting portion 14 to which the negative-side terminal 3 

10 (-U) of each shunt winding for the U-phase is connected 
is connected to the terminal 1 2v to be connected to pow- 
er source of the V-phase. 

[0112] As a result, the wiring pattern, in which shunt 
windings of each phase are connected in parallel and in 

'5 A-connection, can be obtained. 

[0113] Wiring patterns for six types of stator windings 
can be obtained in the above-described embodiment, 
by selectively drilling holes on the connection board 1 , 
which is fomried by stacking five connection board ele- 

20 ments 1u, 1v, 1w, Is, and 1 A, aligned according to phas- 
es and insulated from each other with insulating mate- 
rials. Therefore, even when various types of electric mo- 
tors are manufactured, a stock of only one type of con- 
nection board 1 suffices, and a desired wiring pattern 

^5 can ba obtained by forming desired holes manually or 
with a punch press so as to meet the type and properties 
of the electric motor to be manufactured. 
[0114] In the above-described embodiment, since 
one hole may pass through the conductor portions of 

30 different connection board elements, a desired wiring 
pattern is obtained by forming connected conductor pat- 
terns for each connection board element as shown in 
Figs. 6A through 78, and by drilling holes in the connec- 
tion board elements. However, as an alternative, the ba- 

35 sic pattern of stator windings may be obtained by in- 
creasing the number of connection board elements and 
then causing a hole to pass through only the conductor 
portion of any one of the connection board elements so 
that wiring patterns are formed on the connection board 

40 elements by filling the holes which have been formed. 
In this case, the holes at desired locations are filled with 
short-circuiting members such as pins according to the 
desired wiring pattern to complete the wiring pattem. 
[0115] Furthermore, in this case, the properties of a 

-^5 motor can be changed by removing the short-circuiting 
members such as pins that have been inserted and fill- 
ing other holes with the short-circuiting members to form 
another wiring pattem. 

[01 1 6] Since a desired wiring pattern for the connec- 
50 tion board to connect the stator windings of an electric 
motor Is obtained by removing or adding a part of the 
connection pattem on the connection board, stator 
windings of a plurality of specifk^ations can be produced 
by removing or adding a part of the connection pattem 
55 which has been formed in one type of a connection 
board that has been stocked, with the result that pro- 
duction efficiency is improved and change in the wiring 
patterns of stator windings is also easy. Also, the stock 
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of one type of connection board facilitates inventory con- 
trol. 



Claims 

1. A stator structure of an electric motor that uses a 
connection board for wiring of stator windings, com- 
prising: 

a connection board having a connection pattern 
that can acquire various wiring patterns by con- 
necting terminals of windings constituting said 
stator windings to each other, 
wherein a part of the connection pattern on said 
connection board is disconnected or added so 
as to form a wiring pattern of said stator wind- 
ings and to connect the windings to each other. 

2. The stator structure of an electric motor according 
to claim 1 , wherein said connection board is formed 
of a stacked plurality of connection board elements, 
and a connection pattem for obtaining the wiring 
pattem of the stator windings has been formed by 
making holes in said connection board to discon- 
nect a conductor of a connection pattem provided 
on each connection board element. 

3. The stator structure of an electric motor according 
to claim 1 , wherein said connection board is formed 
of a stacked plurality of connection board elements, 
and a connection pattem for obtaining the wiring 
pattem of the stator windings has been formed by 
making holes in said connection board to discon- 
nect a conductor of a connection pattern provided 
on each connection board element, and further by 
filling some of said made holes at desired locations 
with a short-circuiting material to allow said loca- 
tions to short-circuit. 

4. A connection board creating stator wiring patterns 
together with stator windings of each phase of an 
electric motor, wherein 

said connection board is constituted by a 
stacked plurality of connection board elements, 
each of said connection board elements is pro- 
vided with a conductor that provides various 
stator winding patterns when combined with 
stator windings, and 

a desired stator winding pattem has been 
fomried in said connection board elements by 
making holes at selected locations of said con- 
nection board, to disconnect a corresponding 
location of a conductor of each of said connec- 
tion board elements. 

5. A connection board creating stator wiring patterns 
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together with stator windings of each phase of an 
electric motor according to claim 4, wherein some 
of said holes have been filled with a short-circuiting 
material to allow said locations to conduct electric- 
5 Ity, so as to form a desired stator winding pattem in 
said connection board elements. 

6. The connection board according to claim 4 or 5, 
wherein 

10 

said electric motor is a three-phase motor, and 
said connection board elements that constitute 
said connection board are, a connection board 
element for a first phase, a connection board 
15 element for a second phase, a connection 

board element for a third phase, and a connec- 
tion board element for Y-connection, and a con- 
nection board element for A-connection. 

20 7. The connection board according to claim 6, wherein 
the conductor of each of said connection board el- 
ement for the first phase, said connection board el- 
ement for the second phase, and said connection 
board element for the third phase comprises a cir- 

25 cuJar portion where the conductor is connected to 
an external power source, and three arc-shaped 
portions positioned on a same circumference inside 
said circular portion. 

30 8. The connection board according to claim 7, wherein 
a part of said circular portion of said conductor and/ 
or a part of any one of said arc-shaped portions 
have enough width not to affect the conduction of 
electricity even if holes have been made at corre- 

35 spending locations of said connection board. 

9. The connection board of any one of the preceding 
claims, wherein said holes have been made by drill- 
ing. 

40 
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FIG.9A FOR U-PHASE 



FIG.9B FOR V-PHASE 
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FIG. 100 A -CONNECT I ON FIG. 100 A -CONNECT I ON 
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FIG. 11A FOR U-PHASE 



FIG. 1 1B FOR V-PHASE 
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FIG.13C FOR W-PHASE 
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